The occurrence and the distribution of potentially human pathogenic bacteria such as Aeromonas, Pseudomonas aeruoginosa, Staphylococcus and Vibrio-like organisms in the sand and the adjacent seawater of the recreational coastal beach were studied. The highest mean number among these four studied groups of bacteria was represented by Aeromonas-like organisms and the lowest one by Staphylococcus-like organisms. Dry sand was inhabited by the highest number of all studied potentially pathogenic bacteria. Within a year, the number of the studied bacteria inhabiting the sand and the seawater showed considerable monthly changes. There were differences in the abundance of potentially pathogenic bacteria between the surface and the subsurface sand layers with a clear decrease in their number toward the deeper layers of the sand.
INTRODUCTION
In recent years, the increasing bacterial contamination of the coastal seawaters and the beach sand has become a potentially global problem limiting their recreational functions for millions of domestic and foreign tourists (Clark et al. 2003) . The major sources of bacterial pollution for the coastal water and the beach sand are sewage effluents, rivers, agricultural runoff, urban runoff, surface run-off after heavy rainfall events, bird droppings and recreational activities (Efstratiou 2001 , Edge & Hill 2007 . Along with fecal bacteria, also potentially pathogenic bacteria whose normal habitat is not the marine environment are introduced into the seawater and the beach sand (Mancini et al. 2005 , Bonilla et al. 2007 ). Kueh et al. (1995) , Gabutti et al. (2000) , Elmanama et al. (2005) and Heaney et al. (2009) isolated such pathogenic bacteria as Aeromonas hydrophila, Campylobacter spp., Clostridium perfringens, Klebsiella pneumoniae, Neisseria spp., Pseudomanas aeruginosa, Salmonella spp., Shigella spp., Staphylococcus aureus and Vibrio cholerae from the coastal seawater and the beach sand. The accumulation of these and other pathogenic bacteria in the recreational seawater and the beach sand represents a hazard to bathers, i.e. leads to a potential disease , Elmir et al. 2007 ). Swimming in the seawater and recreational activities on the sandy beach contaminated with pathogenic bacteria may cause skin, eye, ear, or nose infection, gastroenteritis, hepatitis, meningitis, salmonellosis, shigellosis, respiratory diseases, occurrence of dermatitis and mycosis (Kueh et al. 1992 , Efstratiou 2001 , Vieira et al. 2001 , Esiobu et al. 2004 , Stewart et al. 2008 . Over 250 million cases of gastroenteritis, 50 million cases of respiratory diseases and 5 − 10 million cases of hepatitis are reported every year from coastal regions all over the world (Clark et al. 2003 , Yamahara et al. 2009 ).
Pollution is not the only source of potentially pathogenic bacteria to bathing waters. A previous study has shown that bathers shed large numbers of pathogenic bacteria, mainly Staphylococcus aureus, via their skin into the water column, and swimmingrelated diseases appear to be associated with the microbial water quality, even in the absence of the point source of bacterial contamination (Elmir et al. 2007 ). There may also be an increased risk of infection due to re-suspension of potentially pathogenic bacteria from the surface sediment layer by tidal movements, winds, dredging, storm surge and recreational activities (Craig et al. 2002 , Clark et al. 2003 . Additionally, microbial pathogens in the water can be aerosolized and disease could be spread through inhalation of particles (Dutka & Kwan 1978) .
Although water quality is the objective of monitoring programs, beach visitors tend to spend most of their time in contact with sand rather than seawater (Pendleton et al. 2001 , Bonilla et. al. 2007 ). According to Whitman & Nevers (2003) , a prolonged contact with contaminated beach sand might be a greater threat to beach visitors than exposure to water due to potentially higher densities of pathogens. The intensively used sand of recreational areas provides opportunities for person-to-person transmission of pathogens (e.g. dermatophytes) (Papadakis et al. 1997 , Field & Samadpour 2007 . Children are particularly vulnerable to diseases because they spend much more time playing and digging in the sand. Digging and being buried in the sand were positively associated with gastrointestinal diseases (Whitman & Nevers 2003) . Heaney et al. (2009) observed that a higher proportion of children got sand in their mouths when buried in the sand (40%) compared with those who only dug in the sand (20%). Results of their study also indicated that children aged 10 years or less had higher frequency of getting sand in their mouth (20%) compared with older children (4%) and adults (2%).
Beach water quality assessment standards based on the bathing water directive (Directive 2006/7/EC) are typically based on the number of fecal indicator bacteria such as fecal coliforms and enterococci, but it has been recognized that the presence of many pathogenic bacteria in the seawater and beach sand are not necessarily correlated with fecal indicator bacteria levels (Field & Samadpour 2007 , Yamahara et al. 2009 ). Most related studies (Yoshpe-Purer & Golderman 1987 , Kueh et al. 1995 , Clark et al. 2003 , Esiobu et al. 2004 , Mancini et al. 2005 confirm the presence of pathogenic bacteria in the seawater and in the beach sand. However, studies of pathogenic bacteria present in the sand of coastal beaches of the Baltic Sea are limited. Therefore, the aim of this study was to examine the occurrence and the distribution of potentially pathogenic bacteria in the seawater and the sand of the recreational coastal beach located at the southern Baltic Sea.
MATERIALS AND METHODS

Study area and sampling
The study was carried out on a non-tidal sandy beach (latitude 54°35 ' N and longitude 16°51' E) located in Ustka (the southern Baltic Sea) (Fig. 1) . It is located at the mouth of the River Słupia, which divides the studied beach into two parts − the Eastern Beach and the Western Beach. It represents a dissipative beach type with longshore bars and troughs, and its width is about 75 m. In general, the beach sand is fine and medium grained and the sand grain size ranges from 0.125 to 0.250 mm (Kramarska et al. 2003) . Particularly in autumn and winter the studied beach is exposed to strong winds that generate high waves, which cause strong erosion of onshore sand. The main sources of contamination for this beach are humans, the River Słupia and seabird/shorebird populations. The Ustka beach with its surf zone is a very popular bathing beach in Poland. Polish and foreign tourists as well as local inhabitants intensively visit this beach during the summer seasons. The polluted River Słupia drains a hydrological basin of about 1623 km 2 , and carries the wastewater from urban and agriculture areas, as well as 200 000 − 300 000 m 3 year -1 of natural and anthropogenic sediments into the sea within the area of the studied beach (Zawadzka 1996) . Large numbers of feeding/resting swans and gulls are observed on the studied beach. Several colonies of gulls are located along the shore and their population is rapidly growing in the region of Ustka.
Samples of dry and wet sand and samples of seawater were collected monthly between November 2007 and October 2008 once a month at the Eastern Beach. Samples of sand were obtained from two sites along a profile perpendicular to the shoreline (Fig. 1) . The wet sand was collected from a site situated at the waterline and the dry sand was collected from a site located halfway up the beach − at a 30-meter distance from the shore. Sand core samples were taken with a hand-operated sampler (length − 30 cm, inner diameter − 15 cm). Sand samples were divided in the field into two sections: 0 − 5 cm and 10 − 15 cm and placed in sterile plastic jars. We did not sample the 5-10 cm sediment layer because the results of our previous studies and studies by Olanczuk-Neyman & Jankowska (1998) and (Mudryk et al. 2013 ) showed the highest difference in bacteriological parameters between the surface and the lower sand layer of the coastal beach.
Seawater samples were collected in sterile bottles within a 1.5 m from the waterline at a depth of about 15 cm. The time between the sample collection and bacteriological analyses usually did not exceed 2-3 h.
Bacteriological analyses
All collected sand and seawater samples were tested for the number of Aeromonas-like organisms (ALO), Pseudomonas aeruginosa-like organisms (PALO), Staphylococcus-like organisms (STLO) and Vibrio-like organisms (VLO) according to Clark et al. (2003) . In order to determine the number of these bacteria, 5.0 g of sand samples were weighed aseptically and transferred to 45 cm 3 of sterile phosphate − buffered saline (pH 7.2) and were shaken vigorously by hand for 1 min to suspend bacteria. The authors of this study are fully aware that the most efficient method to detach bacteria cells from sand grains is sonification. According to Ellery and Scheyer (1984) , however, ultrasound can also cause disintegration of bacteria cells. Following 30 min sedimentation, the supernatant was serially diluted with the sterile phosphate-buffered saline to reach the final concentration ranging from 10 -1 to 10 -3 . The collected sample of seawater was also diluted with the sterile phosphate − buffered saline to reach the final concentration ranging from 10 to 10 -2 . Dilutions of sand and seawater samples were filtered through a 0.45 μm pore size and 47 mm diameter membrane filter (Whatman ME 25/31 ST). The filters with collected bacteria were then aseptically transferred to Petri dishes containing 10 cm 3 of selective media.
The number of Aeromonas-like organisms was determined with the use of GSP (Glutamate Starch Phenol Red) Agar (Fluka). ALO cultures were incubated at 37°C for 72 hours and typical yellow colonies were counted as Aeromonas-like organisms.
The Cetrimide-Agar (Biocorp) was used to determine the count of Pseudomonas aeruginosa-like organisms. The incubation of inoculations was conducted at a temperature of 37°C for 48 hours. After incubation greenish fluorescent colonies were detected under Wood's lamp (UV light − 366 nm) and counted as PALO.
In order to determine the number of Staphylococcus sp.-like organisms, Vogel-Johnson Agar was used (Fluka). After 48 hours of incubation at 37°C black colonies were recorded as STLO.
Vibrio-like organisms were assayed in TCBS (Thiosulfate Citrate Bile Source) Agar (Fluka). Cultures of Vibrio-like organisms were incubated at 37°C for 48 hours. All yellow and blue-green colonies were counted as VLO.
An additional sample of 10 g of sand was weighed (RADWAG WPS 30 S) and dried at 105°C in order to determine the dry weight of sand. All counts were normalized to colony forming units (CFU) per 100 cm 3 of the seawater or CFU per 100 g of the dry weight of sand. 
RESULTS
The data presented in Table 1 show that Aeromonas-like organisms (ALO) represented the highest mean number among four studied potentially pathogenic bacteria groups in the seawater and in the sand of the studied beach, while Staphylococcus sp.-like organisms (STLO) represented the lowest number. The abundance of ALO in the wet sand was two times higher (6317 CFU per 100 g dry wt of sand) and in the dry sand − 35 times higher (10187 CFU per 100 g dry wt of sand) compared to the seawater (2903 CFU per 100 cm 3 ) ( Table 1 ). The highest number of ALO in the seawater was observed in May (Fig. 2) , while in July none of these organisms were noted. In the wet sand, the highest number of ALO was recorded from August to September and in the dry sand, the highest numbers were recorded in May, June, October and also in December and January.
The year-long study showed that the mean number of Pseudomonas aeruoginosa-like organisms (PALO) was four times lower in the seawater (196 CFU per 100 cm 3 ) than in the wet sand samples (855 CFU per 100 g dry wt of sand) and sixteen times lower compared to the dry sand samples (3136 CFU per 100 g dry wt of sand) ( Table 1 ). There were no considerable differences in the density of PALO in the seawater over the 12-month study. The highest number of PALO in the wet sand was noted in May, while in the dry sand in June. No presence of PALO was noted both in the seawater and in the dry sand in November (Fig. 2) .
The mean number of bacterial counts of Staphylococcus sp.-like organisms (STLO) in the dry sand (833 CFU per 100 g dry wt of sand) was five times higher than in the wet sand (157 CFU per 100 g dry wt of sand) and four times higher than in the seawater (188 CFU per 100 cm 3 ) ( Table 1 ). Figure 2 shows that the highest number of STLO noted in the seawater was in March, and from July to September. The highest number of STLO in the wet sand occurred in July, and in January and December, as well as from July to September in the dry sand. No presence of STLO was recorded in the seawater in February and November, in the wet sand in February and March and in the dry sand in February.
During the year-long study, the mean number of Vibrio-like organisms (VLO) in the dry sand (2625 CFU per 100 g dry wt of sand) was about seven times higher compared to the wet sand (399 CFU per 100 g dry wt of sand) and was nearly identical as in the seawater (2114 CFU per 100 cm 3 ) ( Table 1 ). The data presented in Figure 2 show considerable monthly changes in the number of VLO in the dry sand, the wet sand and the seawater with the increase from May to September. In April, no VLO were found in the wet sand.
The data on the numbers of ALO, PALO, STLO and VLO isolated from the surface (0-5 cm) and subsurface (10-15 cm) sand layers are presented in Figure 3 . The results of this study showed that the bacteria studied were generally more abundant in the surface sand layer than the subsurface sand layers. Only the number of STLO was nearly identical in the surface and subsurface layers of the wet sand.
DISCUSSION
The recreational seawater and the beach sand generally contain a mixture of non-pathogenic and potentially pathogenic bacteria. This mixture may represent a health risk to beach users and Heaney et al. 2009 Kueh et al. 1995 , Clark et al. 2003 , Stewart et al. 2008 ). This study demonstrated that potentially pathogenic bacteria such as Aeromonas, Pseudomonas aeruginosa, Staphylococcus and Vibrio-like organisms were also detected both in the sand and the seawater of the Ustka beach. During the year-long study, Aeromonas-like organisms represented the highest number among the four studied bacteria in the seawater and in the sand. The genus Aeromonas is common in both polluted and non-polluted marine environments (Kueh et al. 1995 , Sechi et al. 2002 . Aeromonas has long been known to cause different infectious diseases in humans (Levesque et al. 2000 , Orozova et al. 2008 ). These bacteria have been involved in wound infections, gastroenteritis, dysenteric peritonitis, endocarditis, pericarditis, meningitis, septicemia, cellulitis, gangrenous, urinary tract infections and respiratory tract infections in adults or children (Bizani & Brandelli 2001) . Different species of the genus Aeromonas, mainly A. hydrophila, are also able to produce extracellular virulence factors, including exotoxins, cytotoxins, cytotonic toxins, dermonecrotic toxins, leucocidins, cytolytic proteins, hemolysins that have the ability to bind to and invade epithelial cells (Matyar et al. 2009 ).
Apart from Aeromonas-like organisms, Vibrio-like organisms were isolated from the seawater and the dry sand of the Ustka beach. The study by Kueh et al. (1992) also showed that 0.4 -40% of heterotrophic bacteria in the seawater are vibrios. These potentially pathogenic bacteria are autochthonous microflora in coastal systems and can be present in the marine environment even in the absence of fecal contamination (Viera et al. 2001 , Fig. 2 . The number of Aeromonas-like organisms (ALO), Pseudomonas aeruginosa-like organisms (PALO), Staphylococcus-like organisms (STLO) and Vibrio-like organisms (VLO) in seawater, wet sand and dry sand during the year-long investigation (data derived from the pooled data of both depths) Fig. 3 . Distribution of potentially human pathogenic bacteria in the surface (0-5 cm) and subsurface (10-15 cm) sand layer (percentages derived from the pooled data of all months and sites) Clark et al. 2003) . The genus Vibrio, mainly species of V. vulnificus and V. paraheamolyticcus, is commonly known to cause gastroenteritis, and can also cause ear, nail and skin infections (Kueh et al. 1992) . V. paraheamolyticcus infections of the skin may happen when open wounds are exposed to the seawater or the sand containing these bacteria (Viera et al. 2001) .
Several studies (Yoshpe-Purer & Golderman 1987, Esiobu et al. 2004 and Stewart et al. 2008 showed that Pseudomonas aeruoginosa can be isolated from seawater and beach sand. In the sand of seven beaches of India, P. aeruoginosa represented 0 -8.3 × 10 4 CFU per 100 g dry wt of sand (Clark et al. 2003) . High concentration (3.1 × 10 3 CFU per 100 g dry wt of sand) of P. aeruoginosa like-organisms was also recorded in the dry sand of the Ustka beach. P. aeruoginosa is a potential opportunistic human pathogen which has been increasingly involved in skin, eye and ear infections through bathing in contaminated seawater and the recreational use of sandy beaches (Stewart et al. 2008 ).
The year-long study on the Ustka beach showed that the mean number of bacterial counts of Staphylococcus sp.-like organisms in the dry sand was 0.96 × 10 3 CFU per 100 g dry wt of sand. On Italian beaches, the mean number of the genus Staphylococcus was 2.0 × 10 3 CFU per 100 g dry wt of sand (Mancini et al. 2005) . Many strains of Staphylococcus aureus were also isolated from the seawater and the sand of two popular beaches in Chile (Prado et al. 1994) , as well as in Greece − along the northern coast of the Saronicos Gulf (Efstratiou et al. 1998) . The main source of S. aureus in recreational waters is probably bathers, who harbor the bacteria in their nasal membranes, on their skin and other parts of the body that come in contact with water during bathing and swimming (Yoshpe-Purer & Golderman 1987 , Esiobu et al. 2004 , Elmir et al. 2007 ). The presence of S. aureus in marine coastal environments may be considered as a source of skin, eye and ear infections and gastrointestinal diseases among bathers (Gabutti et al. 2000) .
The most obvious sources of pathogenic bacteria in both marine recreational waters and the beach sand are humans and animals, including mainly birds (Haack et al. 2003 , Edge & Hill 2007 . During the year-long study on the Ustka beach potentially pathogenic bacteria were isolated every month from the seawater and the sand. In summer, humans are probably the main source of pathogenic bacteria. The studied beach with its surf zone is usually very crowded, particularly during the summer season. According to Elmir et al. (2007) , bathers are considered a potential non-point source of contamination affecting the recreational waters. Given the high concentrations of indicator bacteria found in the beach sand, bathers can bring microbes into the water column by carrying sand on their bodies and washing it into the water column as they swim. In other seasons of the year, birds could be a significant source of potentially pathogenic bacteria in the seawater and in the sand of the Ustka beach. These are mainly gulls which may serve as carriers and disseminate human pathogenic bacteria in varying quantities in their feces (Ogg et al. 1989 , Edge & Hill 2007 , Stewart et al. 2008 . Permanent residents of the studied beach are swans and gulls whose population grows rapidly in the region of Ustka every year. Gulls that mingle among people in the Ustka beach during the day have often been observed to defecate on the sand and the seawater. Gould & Flechter (1978) determined that the average wet weight of feces excreted by different gull species ranged from 11.2 to 24.9 g day -1 and one gull could produce between 34 and 62 of fecal droppings per day. Levesque et al. (2000) in the study conducted on public beaches along the St. Lawrence River (Canada) found that gulls carried a high burden of potentially pathogenic bacteria in their gastrointestinal tract, with numbers of Staphylococcus aureus as high as 5.3 × 10 6 g -1 , Pseudomonas aeuroginosa as high as 1.2 × 10 6 g -1 and Aeromonas spp. as abundant as 9.4 × 10 5 g -1 . Also in coastal Connecticut and Florida Vibrio spp. were frequently isolated from gull feces (58-69%) (Buck 1990 ). According to Haack et al. (2003) , bird feces are delivered to the beach by people through multiple pathways. The movement of people on the beach may contribute to the abundance of fecal bacteria and their distribution in the wet and dry sand. In high traffic areas, fecal bacteria can be translocated by people on average 1.6 m in just 4 h (Bonilla et al. 2007 ). Even in non-bathing seasons, many visitors of Ustka (which is a health resort) can spread bird feces contained in sand while walking along the beach.
The previous studies (Papadakis et al. 1997 , Esiobu et al. 2004 , Mancini et al. 2005 in coastal beaches showed that the numbers of pathogenic bacteria were higher in the sand than in the adjacent water. In recreational beaches of South Florida, Staphylococcus aureus and Pseudomonas aeruoginosa were much more abundant in the sand compared to the seawater (Bonillla et al. 2007 ). In the Gaza beach, the number of Vibrio spp. was higher in the sand than in the seawater . In this study, it was also found that potentially pathogenic bacteria were generally more abundant in the dry sand than in the seawater. This may be explained by the fact that microorganisms inhabiting the beach can survive better in the sand than in the adjacent water (Craig et al. 2002) . According to Yamahara et al. (2009) , the coastal beach sand represents more stable environment, exposed to smaller changes in physicochemical parameters than the adjacent seawater. The beach sand may be more conducive to bacteria survival and reproduction compared to seawater by reducing the solar irradiance and osmotic stress, buffering the temperature, protecting against predators and bacteriophages, lowering the concentration of inhibiting substances, increasing the availability of inorganic nutrients and organic matter and providing the surface for colonization (Craig et al. 2002 , Clark et al. 2003 , Wheeler-Alm et al. 2003 , Heaney et al. 2009 ).
The results of this study showed that on the Ustka beach, potentially pathogenic bacteria were more abundant in the surface (0-5 cm) than in the subsurface (10-15 cm) sand layers. The previous studies of the seawater and sand of the Ustka beach (Skórczewski et al. 2012 ) showed a clear decrease in the number of fecal coliforms and fecal streptococci with the increasing depth. Also Olańczuk-Neyman and Jankowska (2001) showed that fecal bacteria were more abundant in the surface than subsurface sand layers on the Sopot beach (southern Baltic Sea). Similarly, in the sand of six beaches in St. Clair County, Michigan (USA), the number of fecal coliforms and fecal streptococci in the surface (0-10 cm) sand layer was much higher than at a depth of 15-20 cm (Wheeler-Alm et al. 2003) . This pattern of distribution probably results from the fact that the concentrations of organic matter and oxygen, which are the main stimulators of growth for heterotrophic bacteria, decrease within the deeper sand layers (Mudryk & Podgórska 2007) .
In conclusion, the presence of potential pathogenic bacteria in the seawater and in the sand of the studied beach is of great importance in both epidemiological and ecological terms and may represent a potential health risk to beach users.
